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Abstract
In this paper we investigate the problem of spontaneous supersymmetry breaking
without a cosmological term in N = 3 supergravity with matter vector multiplets,
scalar elds geometry being SU(3; m)=SU(3)
 SU(m)
 U(1). At rst, we consider
the case of minimal coupling with dierent possible gaugings (compact as well as non-
compact). Then we show that there exist dual version of such a theory (with the same
scalar eld geometry), which turns out to be the generalization of the N = 3 hidden
sector, constructed some time ago by one of us, to the case of arbitrary number of
vector multiplets. We demonstrate that spontaneous supersymmetry breaking is still




The problem of spontaneous supersymmetry breaking without a cosmological term still re-
mains to be one of the most important and hard ones in supergravity as well as in superstring
theories. In this paper we are not going to discuss this problem in the superstrings, but we
feel that the lack of complete understanding of the spontaneous supersymmetry breaking in
extended supergravities may be (at least one of) the reason, why the appropriate solution
of this problem in superstrings is still missing. Only in N = 1 supergravity, due to large
(functional) arbitrariness in general coupling of vector and chiral multiplets, this problem
has been successfully solved, which make possible a lot of phenomenological applications.
In extended supergravities this task appeared to be much more complicated. One of the
reasons is that a very high symmetry such theories possess leads to a severe restriction on
the possible matter couplings (but at the same time could lead to the models with very high
predictive power). The second one is the necessity to have a spontaneous supersymmetry
breaking with at least two dierent scales, when extended supersymmetry is broken to the
N = 1 at the rst stage. For example, for N = 2 supergravity a wide class of so called no-scale
models has been constructed [1, 2, 3], in which two supersymmetries were broken with only
one scale and the gravitini were mass degenerate. At the same time, the realization of partial
super-Higgs eect N = 2! N = 1 appeared to be non-trivial task [4]. Later on, the N = 2
hidden sector, consisting of N = 2 supergravity itself, one vector and one hypermultiplet
and admitting spontaneous supersymmetry breaking with two arbitrary scales, has been
constructed [5]. At rst sight, it seemed that the only natural generalization of such hidden
sector to the case of arbitrary number of vector multiplets was the model with the scalar eld
geometry SO(2;m)=SO(2) 
 SO(m). The spontaneous supersymmetry breaking without a
cosmological term was indeed shown to be possible in such theories and the examples of
corresponding soft breaking terms have been calculated [6, 7]. At last, recently it was shown
[8], that there exist a dual version of the N = 2 supergravity | vector multiplets system with
the scalar eld geometry SU(1;m)=SU(m)
U(1) which corresponds to dierent interaction
of arbitrary number of vector multiplets with the same hidden sector, thus leading to the
same possibilities for spontaneous supersymmetry breaking.
In this paper we (re)consider the problem of spontaneous supersymmetry breaking in
N = 3 supergravity with vector multiplets, while our subsequent paper deals with the
N = 4 case. Firstly, we recall the construction ot the "minimal" coupling, scalar eld geom-
etry being SU(3;m)=SU(3)
SU(m)
U(1) and describes dierent gaugings possible in such
model. Then, using the fact that the dual versions have the same scalar eld geometry, we
have managed to construct a model, which corresponds to the interaction of arbitrary num-
ber of vector multiplets with N = 3 hidden sector, admitting spontaneous supersymmetry
without cosmological term and with three dierent scales. We have shown that spontaneous
supersymmetry breaking remains to be possible in the presence of matter multiplets.
2 N = 3 supergravity with vector multiplets
In this section we investigate an "ordinary" version of N = 3 supergravity interacting with
vector multiplets. As is well known, scalar elds in extended supergravities describe, as a
1
rule, non-linear -models of the type G=H, where G is some non-compact group, and H |
its maximal compact subgroup. As scalar elds of N = 3 vector multiplets are transformed
under the triplet representation of SU(3) group, a -model SU(3;m)=SU(3)
SU(m)
U(1)
seems to be the (only) natural candidate for the scalar eld geometry in this case. Indeed,
such a model has been constructed some time ago by one of us [9] (see also [10]). For our
discussion here to be self-contained, we reproduce all the necessary formulas below.




, i = 1; 2; 3, majorana
spinor  and m+ 3 vector multiplets with vector elds A

A





and complex scalar elds z
i
A
. Here A = 1; 2:::m+ 3 with g
AB
= diag(     ;+:::+). The


















































































As it can easily be noted, the set of spinor and scalar elds is superuous, that allows one to
have a symmetric description of three vector elds of N = 3 supergravity multiplet and m
vector elds frommatter multiplets. Therefore, we impose the following invariant constraints













(in the system of units, where gravitational constant k = 1). For these constraints to









 = 0 (3)
Here and further on, we shall omit, wherever possible, the repeated indices. Besides, we
use -matrix representation in which majorana spinors are real. Therefore in all expressions
with spinors 
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In turn, the requirement of consistency for this constraints leads to two important con-
sequences. Firstly, the whole theory must be invariant under the local SU(3)
 U(1) trans-





















































































Note, that axial U(1)
A
charges of all elds are unambiguously determined by the form of
supertransformations.
2
Secondly, in order to modify the spinors supertransformations to make them consistent









. By virtue of constraints this matrix is nondegenerate (at least in weak





















explicitly since it appears to be sucient to





































































































































































































































































Here and further on, we will omit the four-fermionic terms in our Lagrangians (as well as
bilinear in fermionic elds terms in the supertransformations) which are unessential for the










































































































































































Note, that we are working with physical elds only (without introducing auxiliary ones),
therefore for the fermionic elds the algebra of the supertransformations closes on the mass
3
shell only. At the same time, for the bosonic elds this algebra closes without using equations





























The Lagrangian (7) describes an interaction of N = 3 supergravity with massless abelian
vector multiplets. In extended supergravities the appearance of the mass terms (and in
general of the scalar elds potential and the Yukawa type interactions) is unambiguously
connected with the switching of gauge interaction. Besides supertransformations (8), the
Lagrangian (7) is invariant under global transformations of the group O(3;m) (maximal
subgroup of SU(3;m), not containing dual transformations of vector elds). This allows
one to introduce non-abelian gauge interaction with the group G  O(3;m). For that





















is structure constants of group G. In order to
compensate the violation of the invariance under the supertransformations which arises after































































































































































































































































































































































As the global symmetry group O(3;m) is non-compact, there exist a lot of possible






H, where H is a compact group. Note, that in the case of O(3; 1) group
two variants are possible depending on what generators (compact or non-compact) vector
elds of supergravity multiplets correspond to (that also determines the sign of cosmological
term). In all the cases considered the spontaneous supersymmetry breaking was accompanied
by the appearance of a cosmological term. Only in the last case imposing a relation between
two gauge coupling constants one can ne-tune the value of cosmological constant to zero,
but the scalar eld potential turns out to be non-stable.
The second possibility is the nontrivial gauging similar to the ones considered in [11] for
the case of N = 4 supergravity. The hidden sector for such model includes only one matter
vector multiplets and the gauge group is E
2
 O(3; 1) (rotation and two translations). The
generators can be easily constructed from the O(3; 1) ones in such a way that the appropriate









0 0 0 0
0 0 1 0
0  1 0 0














0 0  1 0
0 0 0 0
1 0 0  1














0 1 0 0
 1 0 0 1
0 0 0 0














0 0 0 0
0 0  1 0
0 1 0 0







The investigation of the scalar eld potential shows that it has no stable minima (the value
of the cosmological term is indeed zero, but it corresponds to the innite vacuum expectation
value of the appropriate Higgs eld).
The last possibility is the pure "abelian" gauging corresponding to three translations
which was constructed in [12]. The hidden sector for this model includes three matter vector
multiplets and the generators (which are the combinations of compact and non-compact ones

















, a = 1; 2; 3 are usual antisymmetric O(3) matrices. One can easily check that the
generators t
a




= 0 8a; b. This model really gives the only (as far as
we know) example of the spontaneous supersymmetry breaking without a cosmological term
for the N = 3 supergravity with matter. Due to the requirement that structure constants
to be antisymmetric one has only one gauge coupling constant for all three translations and
as a consequence all three gravitini have equal masses.
Thus we have seen that it seems impossible to have "realistic" models in this class of
theories. By term realistic we mean not only the absence of a cosmological term, but also the
possibility to have spontaneous supersymmetry breaking with at least two dierent scales,
including partial super-Higgs eect N = 3 ! N = 1. This result depends heavily on the
properties of the non-linear -model as well as on the global symmetry group O(3;m). As we
have already mentioned the model SU(3;m)=SU(3)
SU(m)
U(1) appears to be the only
candidate for the N = 3 supergravity-matter system, but the global symmetry groups may
5
drastically dier in dual versions. In [9] there was constructed a hidden sector for N = 3
supergravity with global symmetry group GL(3; C) 
 T
9
which turns out to be the dual
versions for the N = 3 supergravity with three vector multiplets. It was shown that in such
hidden sector spontaneous supersymmetry breaking with three dierent scales are possible,
in this the cosmological term is equal to zero for all values of these parameters. So it would
be interesting to have a generalization of this hidden sector to the case of arbitrary number
of vector multiplets. In our next section we are going to construct such a model.
3 Dual version
The crucial observation for the whole construction is that since the dual versions have the
same scalar eld geometry one can use all the terms in the Lagrangian and in the supertrans-
formations without vector elds obtained previously. To construct the desired generalization
of the hidden sector [9] we start by solving scalar eld constraint (2). For that purpose we


















), i;  = 1; 2; 3,













































(such a special choice will
become clear later) so that we can exclude the eld x
i











. In this, it appears that in order to have a canonical form for the scalar






















































































































































. Then all the terms in the
































































































































































































































































































































































































































One can see that (up to slightly dierent notations) this formulas indeed coincide with the
corresponding ones from the [9]. In this, the complex elds y
i

describes a non-linear -model
GL(3; C)=U(3), while the elds 































































































































































































































































































































































































































































































































































































































Note that in the presence of matter elds the expression for the U
i
j














Let us stress ones more that all the terms without vector elds are exactly the same in all
dual versions. Now it is a relatively easy task to complete the whole construction to include
matter vector elds C

a
by the use of the usual Noether procedure. That give the following




























































































































































































































































4 Spontaneous symmetry breaking
As we have already noted, in extended supergravities the appearance of the mass terms is
tightly connected with the switching of gauge interaction. We have seen that all the attempts
to get spontaneous supersymmetry breaking through the non-abelian gauge interaction usu-
ally lead to the appearance of the cosmological term. In the dual version constructed in the
previous section we have elds 

















[9] it was shown that using these elds as a Goldstone ones we may introduce the vector eld














































































































































































h:c:. Thus the requirement of gauge invariance leads to the self-interaction for the abelian
vector elds!
As usual, the transition from the global to local transformations and the change of the
usual derivatives by gauge covariant ones spoils the invariance of the Lagrangian under the
supertransformatrions. In order to restore such invariance it is necessary to add to the





















































































































































































In this, the whole Lagrangian (18)+(21)+(29), describing hidden sector of our dual version








































































From the formula (29) one can see that the scalar eld potential in such model has the




. Using (28) and (30) it can be shown that this potential is positively
dened and its value at the minimum is equals to zero, which corresponds to the absence of


































Thus, in such model there exist a possibility to have spontaneous supersymmetry breaking
with three arbitrary scales, including partial super-Higgs eect N = 3! N = 2 N = 3!
N = 1. Let us stress ones more that the cosmological term is absent for any values of these
parameters.
When the matter elds are present there exist a possibility to add gauge interaction for
matter vector multiplets with any compact gauge group H. Such a gauging gives additional
(positively dened) contribution to the scalar eld potential but doesn't change the main
properties of our model. For simplicity we will not consider these additional terms here. In
















This term does not lead to the mass generation for matter spinors 
 and  because the
vacuum expectation value for the 
i
is equal to zero.
5 Conclusion
Thus, we have seen that in the "minimal" model for N = 3 supergravity with vector mul-
tiplets the only possibility for spontaneous supersymmetry breaking without a cosmological
term is the model [12] in which one have only one breaking scale and all three gravitini
are mass degenerate. At the same time in the dual version the spontaneous supersymmetry
breaking with three dierent scales (including partial super-Higgs eect N = 3! N = 1) is
possible, but no soft breaking terms for the matter elds are generated. In our subsequent
paper we have shown that the situation in N = 4 supergravity is to much extent similar,
but with some more interesting possibilities.
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